229-735 HB. The strips were shot peened to 8-10 A and subjected to temperatures ranging from 150 to 595°C (300 to llOO°F) for up to 1000 h. The amount of relaxation of the height of each sample was then measured at several intervals duriny the test. The data revealed that the change at 150°C (30OoF) after 50 h was equal to that at 260°C (500°F). This drop was unexpected, as a review of available literature indicated residual stresses in carbon steel would not start to drop until 260°C (500°F), with stainless steels resistant to a much higher temperature. Measurement via x-ray diffraction showed the residua! stress dropped from -529 MPa (-76.7 ksi) at room temperature to -269 MPa (-39 ksi) after exposure to 150°C (300°F) and to -112 MPa (-16.3 ksi) after exposure to 59S°C (llOO°F).
The iecond part of the paper presents the results of testing shot peened 403 stainless steel rotating beam fatigue test bars at room temperature, 260, and 400°C (500°F and 750°F). The data shows the endurance limit increases by 16 percentage points at room temperature and 6 percentage points at 260 and 400°C (500 and 750°F).
KEY WORDS: fatigue (materials), stainless steels, elevated temperature, residual stress, rotating-bending tests A review of the available literature on the effect of elevated temperature on the residual stresses present in shot-peened martensitic stainless steels failed to turn up any specific data. Several sources [I-31 indicated low-alloy steel could be exposed to 260°C (500°F) (all measurements were made in English units and converted to metric units) without encountering a significant reduction in residual conlpressive stresses. At the same time, elevated temperature materials were supposed to be resistant to 425°C (800°F). Information [4] published after testing started suggests these limits should be 175 and 260°C (350 and 500°F) and sets a maximum exposure time of 0.5 h for the alloy steel, but still does not reference martensitics. This paper Presents results of work done to help fill that void. The materials tested were 403 stainless steel strip and bar quenched and tempered to 229-235 HB. This range was selected because the material in question is used at those levels in the end product-steam turbines.
Test Procedures
Simulated Almen A strips were generated by milling 1.5 mm (1/16 in.) thick strip to a width of are shown in Table 1 . Test pieces Rere heat set for 2 h at 620°C (1 150°F) and peened to 8-10 A using 0.28-mm (0.011-in.) diameter cast steel shot. The strips were then subjected to various temperatures ranging from 150 to 595'C (300 to 1 100°F). The mitial run at each temperature was composed of three sets containing four strips each (three peened and one nonpeened control sample). Sets were removed from the furnace after 1, 4, and 24 h. The strips removed after 24 h were subsequentl) reexposed to the same temperature for a total cuniulative time of 1000 h.
The samples were removed from the furnace, air-cooled to room temperature, and their height measured. The percentage change in height was then calculated and a mean value established for each group. This mean value is shown in Fig. 1 . The next step involved the selection of samples for residual stress measurement. One of the samples run at 150°C (300°F) for 1 h was choqen as representing the least change. The rest of the samples chosen were from the 1000-h runs at 260, 370,480, and 595OC (500, 700, 900, and llOO°F). All three samples from each run were tested with the exception of the 480°C (900'F) run, for which two samples were tested. The strips exposed to temperatu* ,s of 260°C (500°F) and higher contained a thin oxide film. Metallographic examination of one of the 59S°C (llOO°F) samples revealed the presence of decarburization and oxide less than 0.013 mm (0.0005 in.) thick. Information relative to the expected residual stresses present was available
[5] at 0.025 mm (0.001 in.) below the surface, so this amount was removed electrolytically be- 
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,ore testing. Stresses were measured with a moclifiect version of the SXE J784A-Residual Stress ,!c:tsLircn~ent by X-ray diffraction method. The results of this testing are shown in Table 2 . i>ercent change figures are based upon comparison with srlrface f i p r e s for the 150°C (300°F) ilolnt :~nd with readi!iSh ;akzn at 0.025 n1n1 (0.001 in.) for the other points. ,f11e reconti part of the project involved smooth R. R . Moore rotating-beam fatigue test hars ,,l,chined from bar stock. The chemical composition and hardness of the bar test stock are ii,ied in Table 1 , while its mechanical properties are listed in r a b l e 3.
.rhese bars were peened to 8-10 A , stress relieved for 50 h at their inrended test temperature, ;Illd tested at room temperature, 260, and 400°C (500 and 750°F). Curves were generated by (;,king the mean of Five tests run at three different m e s s levels. The -732~irance limit taken from ,\lest: curves represents the minimum 0.95 confidence interval as der:;inined in accordance with
Section V , Table 10 {5]. These limits were plotted versus existi~lg data for the same materia! 161 and are shown in Fig. 2 .
'l'he data show that shot-peened 403 stainless steel loses a significant portion of its residual con~pressive rtresses upon exposure to relatively low temperatures for times as short as 1 h . The decrease in compressive stresses at 150°C (300°F) was found to equal that which occurs from exposure to 260°C (500°F). The results indicate that the material should be ranked with carbon and low-alloy steels as to resistance to relaxation.
The rotating beam fatigue testing revealed peened hars subjected to R -l loading show a sigriificnntly higher gain in endurance limit at room temperature (16 percentage points) than at elevated temperatures (6 percentage points) of 260 or 400°C (500 or 750'F). . . . 
